Summary Solanum nigrum L. is a widely distributed polyploid species with naturally occurring diploid (nϭ12), tetraploid (nϭ24) and hexaploid (nϭ36) forms. Information concerning the extent of the relationship among different species of Solanum nigrum complex is a prime importance for the evolutionary and taxonomic points of view. It is now well known that species hybridization has played an important role in the origin of polyploid series. Morphological, cytological and molecular characters of Indian variant tetraploid, diploid and hexaploid have been studied. An investigation of randomly amplified polymorphic DNA (RAPD) marker was made for the origin of Indian variant hexaploid S. nigrum and interrelationship with diploid and tetraploid of the complex. Out of 60 random primers 45 were used to examine 362 bands for all 3 variants. Fifteen did not amplify or showed unclear amplification across all variants. It has been concluded on the basis of RAPD data that Indian variant of tetraploid and diploid were involved in origin of hexaploid Indian variant S. nigrum. However tetraploid forms of S. nigrum play an important role in hexaploid origin.
(RAPD) was undertaken with a view to diversity, origin and the phyletic relationship among the Indian variant of this complex and to mode of origin of hexaploid forms of S. nigrum.
Materials and methods
Diploid (2nϭ24 Shiny bluish black), tetraploid (2nϭ48 Orange red) and hexaploid (2nϭ64 Purplish black) races of the polyploid series, which also known by the name S. nigrum L. in India, was collected from 3 different wild populations from Lucknow, Aligarh and Srinagar (India) and selected one specimen from each population. The voucher specimens were deposited in the Herbarium of NBRI, Lucknow. Flower buds were fixed in 1 : 3 acetic alcohol and squash preparations were made using acetocarmine. Pollen fertility was determined by stainability in acetocarmine.
Genomic DNA was extracted from young leaves following the CTAB method (Doyle and Doyle 1987 ) with a few modifications. Amplification reactions (25 ml final volume) contained 75 ng genomic DNA, 215 mM each of dNTP, 1.5 mM MgCl 2 , 1ϫbuffer, 5 pmoles primer (Operon USA) and 0.3 unit of Taq DNA Polymerase (Bangalore Genei). DNA amplification was performed in a PCR System 9700 (Applied Biosystems, USA). Total reaction consisted of 44 cycles, each cycle consisting 3 steps, denaturation at 94°C for 1 min, annealing at 36°C for 1.5 min and primer extension at 72°C for 1.5 min with an initial denaturation of 95°C for 5 min. One additional cycle of 5 min at 72°C was used for final extension. Amplification products were analysed by electrophoresis on 1.5% agarose gels run in 1ϫTBE. Amplification fragments from all the primers were scored by visual observations for their presence/absence.
Results
The naturally occurring populations of S. nigrum were classified mainly on the basis of fruit colour into 3 morphologically distinguishable forms. The fruits of type I are shiny bluish-black, of type II are orange red, and of type III, are purplish-black and larger than those of the type I and II (Fig. 1) . They are also differs in several morphological characters. A detailed comparative account of morphological characters of the 3 species is given is Table 1 .
Meiosis was normal in Indian diploid, tetraploid and hexaploid of S. nigrum. At diakinesis and metaphase I, 12 bivalents were seen in diploid while 24 and 36 bivalents were observed in tetraploid and hexaploid respectively (Fig. 3) . Majority of the bivalents were rings with chiasmata in both the arms. It is observed that the mean number of ring bivalents per cell decreased from diakinesis to metaphase I. The disjunction of chromosomes at anaphase I was regular, followed by a normal second division. The percentage of pollen fertility of diploid, tetraploid and hexaploid. S. nigrum was 82.46, 83.38 and 82.20 respectively.
The 45 primers produced total 362 bands that are restricted to each 4ϫ, 2ϫ, and 6ϫ of Indian variant of Solanum nigrum ( Fig. 2A and B) . Out of 1086 bands 24.58% are shared in 6ϫ from 2ϫ and 4ϫ and 58% of these were polymorphic among the 3 S. nigrum variants. The number of amplified products ranged from 4-13 for any variant/primer combination and an average 8 products per primer per variant was obtained. Fourty five out of the 60 primers produced RAPD products with the variants examined. Out of the primers tested 15 either did not amplify or showed unclear amplification across all variants. Fourty four and 52 amplified products were scored as unique out of 207 (4ϫ) and 156 (2ϫ) polymorphic products respectively, while no unique product was found in 6ϫ variants. A total 359, 308 and 419 DNA products were scored for 4ϫ, 2ϫ and 6ϫ respectively. Of these 163 DNA products were shared by 4ϫ and 6ϫ. However 104 products were shared by 2ϫ and 6ϫ and 152 DNA products were common by all these variants of S. nigrum (Table 2) .
Discussion
To find out the probable origin of the naturally occurring hexaploids Edmonds (1979a) reported that origin of hexaploid S. nigrum has been taken place by tetraploid S. villousm and S. americanum or taxa considered to be conspecific with them through the amphiploidy of a sterile triploid hybrid, Tandan and Rao (1966a) synthesized artificial hexaploids by the cross of natural diploid and tetraploid S. nigrum (red fruit) with colchicine solution. The occurrence of a variety of meiotic abnormalities in the triploid showed that the 3 genomes in the triploid are dissimilar with respect to a majority of their chromosomes. The synthesized hexaploid resembled the naturally occurring hexaploid in general pattern of morphological characters and meiotic behavior. To confirm the identity of synthesized hexaploids with the natural hexaploids, they attempted reciprocal crosses between them and found good number of viable seeds and normal behavior with 36 bivalents in meiosis and concluded that the genomic constitution of natural hexaploid was resolved into AABBCC as that of the synthesized hexaploids. The hybridization studies has been done by Tandon and Rao (1966b) between naturally occurring hexaploid and tetraploids showed that 4 genome are common to both. In the pentaploid hybrid the genetic chromosomes number from the studies of pollen mother cells was found to be thirty with pollen fertility 0.8%. In majority of pollen mother cells as many as 22 bivalents were observed with univalents. This may mean that out of 5 genomes of the pentaploid the chromosomes of 4 genomes are in pairs and that of the fifth are in the form of univalents. This means the tetraploid has played a major role in the origin of the hexaploid. In DNA marker (RAPD) studies 163 fragments shared between tetraploid and hexaploid as compare with 104 fragments shared between diploid and hexaploid variants of S. nigrum. This would evidently support the view that the tetraploid has played a major role in the origin of hexaploid, as Edmonds (1979a) also stated. Bahaduri (1951) on the basis of normal chromosome pairing in the natural hexaploid, and Sharma and Bal (1961) on the evidence of karyotype analysis of the diploids, tetraploids and hexaploids of the complex concluded that S. nigrum was an allopolyploids. Nakamura (1937) and Stebbins and Paddock (1949) reported multivalent association during meiosis. Nakamura (1937) believed it to be an autopolyploid where as Stebbins and Paddock (1949) considered it partly an allohexaploid. Gunther (1959) studied pachytene pairing in S. nigrum and found that the majority of the chromosomes formed bivalents but that there was some secondary pairing also. Further, some pairs seemed to have no homologues. Therefore S. nigrum was regarded as an autoallopolyploid. The present studies showed regular meiosis with normal pairing of chromosomes. These observations are in line with those of Rao (1964, 1966a) who experimentally proved that the hexaploid S. nigrum has arisen by natural crossing between tetraploid and diploid S. nigrum followed by spontaneous chromosome doubling of triploid hybrid. This would indicate that hexaploid S. nigrum is an allopolyploids. As indicated by RAPD data that both tetraploid and diploid have been shared 163 and 104 bands in hexaploid separately and 152 equally. This supported the hypothesis that tetraploid and diploid were envolved in origin of hexaploid. Mayr (1948) said well defined species should be characterized by morphological, physiological and ecological differences and reproductive isolation. The morphological differences and reproductive isolation among the races of S. nigrum cause a dilemma about their taxonomic status. Nannfeldt (1938) and Love (1954) proposed that the different members of a polyploid series should be given specific rank even when the morphological differences are very slight. Magoon, Ramajujam and Cooper (1962) also suggested separate status for the diploid and tetraploid forms from hexaploid S. nigrum. The revision of the section Solanum for Flora European demonstrated that 2 distinct but closely related subsp. namely S. villosum subsp. villosum and S. villosum and subsp. miniatum with orange/red/yellow barried of S. villosum occurred in Europe (Edmonds 1979a) . Recent taxonomic revision including this species do not usually recognize the 2 subspecies, possibly because their differentiation is less conspicuous in habitats in Australia and India. Handerson (1974) , Symon (1981) and Schilling and Anderson (1990) . Schilling and Anderson also reported that Indian specimens (red fruited) belong to the subsp. maniatum but the diploid form of S. nigrum is probably the most widespread and morphologically variable species. Edmonds (1979a) suggested a worldwide assessment of the variability together with crossability studies between different variants recognizable for both, is necessary before its taxonomy can adequately be resolved. The molecular data provided some evidence upon which to distinguish between tetraploid and diploid. Out of 359 bands in 4ϫ and 308 bands in 2ϫ 207 and 156 bands have been found polymorphic respectively. The presence of unique fragments also supported the same and conclude that tetraploid and diploid are non-homologous with separate specific name. Nakamura (1937) separated diploid S. nigrum on the basis of its morphological and cytological characters as a new species and named it as S. photeinocarpum. Bhaduri (1951) concluded that it resembles closely the Indian diploid form of S. nigrum. Rao et al. (1979a, b) on the basis of cytomorphological and statistical studies of S. nodiflorum Indian diploid S. nigrum and S. americanum, concluded that these 3 taxa seem to constitute 1 species. The identity of Indian tetraploid race with S. luteum suggested, that the name of S. luteum should be used for the tetraploid form of S. nigrum occurring in India (Rao and Tandon 1969) .
However, before coming to such conclusion it is equally important to find out the genetic relationship through DNA marker between diploid S. nigrum with S. photeinocarpum and its variants and tetraploid S. nigrum with tetraploid variants.
